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Convergent thinking  
This paper examines the effectiveness of a 10-hour cognitive
-based creativity training on idea generation and idea evalua-
tion among 51 undergraduate students (mean age 22) from 
a large university in the Netherlands. A pre-post-test within-
subject design was conducted. All 51 students received the 
training as part of their bachelor program, and were assigned 
to receive the training in the first or second semester.  
As such, students participated in both experimental condi-
tions (control and intervention), albeit at different times 
(within-subject design). The Alternative Uses Task (AUT) and 
specially designed idea evaluation tasks were used before 
and after the training. In the idea evaluation task, students 
were asked to evaluate ideas on their originality and feasibil-
ity. Their ratings were compared with content experts’ rat-
ings. General Linear Models (GLM) for repeated measures 
were conducted to determine whether any change in idea 
generation and idea evaluation is the result of the interaction 
between type of treatment (i.e. intervention or control group) 
and time (pre- and post-test). The results indicated that stu-
dents did not generate significantly more (i.e. fluency) and 
different kind of ideas (i.e. flexibility) after training. Most im-
portantly, in line with recent research, the results suggested 
that training does not impact idea evaluation skills among 
students. This suggests that idea evaluation might be a more 
complex process to enhance than idea generation. The impli-
cations of these results for educational practice and future 
research are discussed. 
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One skill that is believed to be particularly important in the future labour market is creativi-
ty. This is because, up till now, computers are still not able to generate original and feasi-
ble ideas for complex problems, such as social, economic, and technological challenges 
(Autor, Levy, & Murnane, 2003). Therefore, policy makers and business leaders around 
the world have stressed that creativity should be fostered among graduates (Cachia, Fer-
rari, Ala-Mutka, & Punie, 2010; IBM, 2010). Research has further shown that creative 
thinking skills can be trained (see Scott, Leritz, & Mumford, 2004a for a meta-analysis). 
However, to date, creativity training is often not an integral part educational systems;  
in fact, the education system often discourages it (Baepler, Walker, & Driessen, 2014; 
Edwards & McGoldrick, 2006). 
Creativity can be defined as “the interaction among aptitude, process, and environ-
ment by which an individual or group produces a perceptible product that is both novel 
(original, new) and useful (appropriate, feasible) as defined within a social con-
text” (Plucker, Beghetto, & Dow, 2004, p. 90). Idea generation is a vital stage in this 
“interaction among aptitude, process, and environment” and depends heavily on diver-
gent thinking capacity, that is, one’s capability to generate numerous ideas (Kaufman  
& Sternberg, 2019). However, also a certain level of judgment is involved in creativity: it is 
not only important to have many ideas, but it is also vital to know which ideas are the 
most original and useful. As such, comprehensive theories of creativity suggest that in 
addition to idea generation, also idea evaluation is a vital process in the creativity pro-
cess. This stage relies predominantly on convergent thinking capacity (i.e. one’s capabil-
ity to recognize the most original and feasible ideas, see Cropley, 2006; Fogler, LeBlanc, 
& Rizzo, 1995; Scott, Leritz, & Mumford, 2004b). The most common view on how diver-
gent and convergent thinking styles are related to one another is that some moderate lev-
el of convergent thinking is necessary to be able to come up with many ideas (Kaufman  
& Sternberg, 2019). For example, Basadur, Runco, and Vega (2000) found that people’s 
ability in idea generation was an important predictor for their ability to accurately recog-
nize original ideas (i.e. idea evaluation).   
The most popular way to enhance creativity has been training (Birdi, 2016; Scott et 
al., 2004a; Valgeirsdottir & Onarheim, 2017). As such, many organizations have invested 
substantial time and resources in the development and deployment of creativity training 
among their staff. For example, the Community Innovation Survey (CIS) - a questionnaire 
developed by Eurostat to investigate organizations’ innovation activities in 19 countries - 
revealed that in 57% of firms that they deemed as ‘innovative’, engaged in innovation-




related training activities (OECD, 2010). Also in higher education, creativity training - exe-
cuted as either distinct course segments or workshops - has been developed for almost 
every student population including, for example, psychology students (Vally et al., 2019), 
nursing students (Liu, Wang, Chen, & Chao, 2020), engineering students (Zhou, 2012), 
and business students (Ritter, Gu, Crijns, & Biekens, 2020).  
Since there is no established strategy yet regarding to how creativity can best be 
trained, creativity training programs come in many shapes and forms. Scott et al. (2004a), 
carried out a meta-analysis study to categorize creativity training programs as to whether 
or not they stressed (a) cognitive models, (b) social models, (c) personality models,  
(d) motivational models, (e) confluence models (supplemented cognitive models),  
or (f) other models (e.g. attitudes, blocks to creative thinking). They found that training 
programs that involved cognitive skills were most effective (Scott et al., 2004a). A typical 
cognitive-based training program focuses on various cognitive strategies for performing 
creative tasks, such as brainstorming or analogical thinking.  
However, a limitation of many cognitive-based training programs is that they predom-
inantly focus on training in divergent thinking and ignore convergent thinking, because 
they assume that convergent thinking automatically occurs within the context  
of creative though, which has been found to be untrue (Scott, Leritz & Mumford, 2004b; 
Fasko, 2001). Therefore, Mumford, Baughman, and Sager (2003), among others, have 
argued that it is important to integrate both divergent and convergent thinking as principal 
components in cognitive-based creativity training programs. To date, there are only a few 
studies that have investigated the effect of a cognitive-based creativity training on diver-
gent and convergent thinking (Basadur et al., 2000; Ritter & Mostert, 2016; Ritter, Gu, 
Crijns, & Biekens, 2020; Runco & Basadur, 1993). The results of these studies are mixed, 
where some studies reported positive results, other studies did not show an improvement 
in convergent thinking after training (see ‘past studies of cognitive-based training pro-
grams’ for more information). For example, Basadur et al. (2000) found that managers rec-
ognized more accurately the originality of their ideas after a cognitive-based creativity 
training, wherein they experienced three stages of creativity (i.e. problem finding, idea 
generation and idea evaluation). In contrast, Ritter et al. (2020) found no effect of a similar 
cognitive-based creativity training on undergraduates’ ability to recognize more accurately 
which ideas were creative. To shed more light on this debate, the present study designed 
and tested a cognitive-based creativity training for undergraduates to enhance their skills 
in idea generation (i.e. divergent thinking) and idea evaluation (i.e. convergent thinking).  
 




Past studies of cognitive-based training programs 
Numerous studies have investigated whether cognitive-based training may be a viable 
way to enhance divergent thinking skills (e.g. Abraham et al., 2019; Castillo, 1998; Hudg-
ins & Edelman, 1988; Jausovec, 1994; Khatena, 1971; Ritter & Mostert, 2016; Ritter  
et al., 2020; Sun et al., 2019). For instance, in the study of Khatena (1971), 188 pre-
school children received a 6-h training which incorporated three creative thinking tech-
niques (i.e. breaking away from the obvious and commonplace, restructuring, and synthe-
sis). They found that training improved performance on divergent thinking (DT) tests 
(specifically, on fluency, flexibility, originality, and elaboration). Similarly, in the study  
of Sun et al. (2019), fifty undergraduates received a demonstration of a computer-based 
cognitive mapping tool for applying creative thinking techniques, whereas fifty other un-
dergraduates did not receive this demonstration. They found that the computer-based 
cognitive mapping tool improved students’ performance on divergent thinking (DT) tests 
(specifically, on fluency, flexibility and originality).  
However, the majority of cognitive-based training programs have only measured di-
vergent thinking. Although important, divergent thinking is only one component of creative 
thinking. There have been fewer studies investigating the effect of cognitive-based train-
ing programs on divergent as well as convergent thinking (Basadur et al., 2000; Birdi, 
2007; Ritter & Mostert, 2016; Ritter et al., 2020; Runco & Basadur, 1993). The results of 
studies on the effect of creativity training on convergent thinking are mixed. While some 
studies reported positive results, other studies did not show an improvement in conver-
gent thinking after training.  
For example, in the study of Runco and Basadur (1993), thirty-five managers at-
tended a 20-h cognitive-based creativity training wherein they experienced three stages 
of creativity on managerial problems (i.e. problem finding, idea generation and idea eval-
uation). In the training, the participants learned to apply various creative thinking tech-
niques (e.g. brainstorming). Before and after the training, idea generation and idea evalu-
ation tasks were conducted to measure divergent and convergent thinking (see Runco  
& Basadur, 1993 for more information). In the idea evaluation task, managers rated their 
own ideas on originality and their ratings were compared with the statistical infrequency of 
ideas to determine accuracy. The results suggested that training improved managers’ abil-
ity to generate more ideas (i.e. fluency) and recognize more accurately the originality of 
their ideas. A subsequent study from Basadur et al. (2000) reported similar findings among 
112 managers who recognized more accurately the originality of their ideas after training.    
  




In contrast, Ritter et al. (2020) found no effect of creativity training on undergradu-
ates’ ability to recognize more accurately which business ideas were creative (i.e. conver-
gent thinking). In this study, hundred thirty-three undergraduates attended a 140-h cogni-
tive-based creativity training wherein they experienced six stages of creativity on a wide 
range of problems (i.e. understanding the question, convergent thinking, divergent think-
ing, detached thinking, stop thinking and sleeping). In the training, the participants 
learned to apply four creative thinking techniques (i.e. simplify, differentiate, visualize, 
and tag the problem). Before and after the training, divergent and convergent thinking 
was measured. Divergent thinking was measured by a visual imagination task and the 
Alternative Uses Task (AUT: Guilford, 1967). Convergent thinking was measured by 
a convergent visual task, the Remote Associate Test (RAT: Mednick, 1962), and an idea 
selection task (see Ritter et al. 2020 for more information). The idea selection task is 
comparable to the idea evaluation task of Runco and Basadur (1993). In this task, partici-
pants had to rank order three pictures of business ideas from most creative to least crea-
tive. These business ideas had been evaluated by creativity experts as well to determine 
their accuracy. In line with Basadur et al. (2000) and Runco and Basadur (1993), they 
found that creativity training improved students’ ability to generate more ideas (i.e. fluen-
cy) and their cognitive flexibility. However, in contrast, they found no effect of creativity 
training on any of the convergent thinking measures.  
In sum, previous research has found that cognitive-based creativity training can en-
hance divergent thinking, but there are mixed findings concerning convergent thinking.  
As such, the first aim of the present study is to replicate existing findings regarding the 
effect of creativity training on idea generation (i.e. divergent thinking). The second aim  
is to contribute to the debate whether convergent thinking is a skill that can be enhanced 
via training. For this, we will investigate the effect of creativity training on idea evaluation 
(i.e. convergent thinking).   
Creativity techniques 
Various creativity techniques have been developed to benefit different stages in the crea-
tive process (Vernon, Hocking, & Tyler, 2016). The techniques incorporated in the current 
training facilitated idea generation (i.e. silent brainstorming and analogical thinking) or 
idea evaluation (i.e. idea evaluation metric and strengths and weaknesses analysis). 
Each of these techniques is described in detail below.  
Creativity techniques enabling idea generation generally employ two types of meth-
ods to facilitate the generation of ideas: (1) a stimuli-oriented method (i.e. focusing on in-
ternal or external as means to generate new ideas) and (2) a relationship-oriented meth-




od (i.e. focusing on free association or forced relationships as means to generate new 
ideas). Internal or external stimuli refers to the different types of stimuli used to achieve 
a shift in perspective with respect to the problem to foster idea generation. In techniques 
employing ‘internal stimuli’, the problem statement itself is the main stimulus to foster the 
generation of new ideas. In contrast, in techniques employing ‘external stimuli’, objects, 
pictures, or concepts that are unrelated to the problem statement are used to trigger new 
ideas to arise. The greater the perspective shift, the more likely it is that remote elements 
will be formed into new combinations, and hence ideas are produced that are different 
from each other (Dahl & Moreau, 2002).  
Furthermore, free associations or forced relationships refers to the use of linking 
new perspectives to the problem to foster idea generation. In techniques that apply free 
association, participants follow their own train of thought and rely largely on chance and 
incubation. They initially generate ideas that are most accessible in memory, and, there-
fore, common rather than original. In contrast, forced relationships can be described as 
forcing together two or more different objects, products, or ideas to produce different kind 
of ideas. In forced relationships, students associate two unrelated concepts that results in 
forming remote associations (Daly, Christian, Yilmaz, Seifert, & Gonzalez, 2012). Remote 
associations are more likely to produce original ideas, as they ensure that people think 
outside-the-box (Isaksen, Dorval, & Treffinger, 2010).  
Silent brainstorming is one of the creativity techniques in the training program that 
enhances idea generation. This technique employs internal stimuli and free associations 
as means to come up with new ideas. In this technique, a problem statement which con-
sists of internal stimuli (i.e. important nouns and verbs) is used to generate new ideas by 
means of free association with the internal stimuli. In the training, the participants were 
first provided with an explanation of the advantages of brainstorming individually. Specifi-
cally, they were informed that brainstorming alone and in silence is more effective than 
traditional brainstorming, because it allows one to generate ideas without any restrictions, 
guidelines or distractions (i.e. free association). This technique is focused on the quantity 
of produced ideas and not on the number of different conceptual categories into which 
the ideas can be classified (Stroebe, Nijstad, & Rietzschel, 2010). Based on the above, 
we hypothesized that: 
H1a: Students who received creativity training will generate more ideas for 
divergent thinking tasks (i.e. fluency) than those who did not receive the training.   
Another technique that was employed in the training programs, is analogical think-
ing. This technique employs external stimuli and forced relationships as means to come 




up with new ideas (Gassmann & Zeschky, 2008). In this technique, one has to associate 
characteristics from an external stimuli (i.e. the analogy) with characteristics of the origi-
nal problem to create new ideas (Daly et al., 2012). The forced relationship means that 
these characteristics from an external stimuli have to be forced back to the original prob-
lem which could lead to perspective shifts. Ritter and Mostert (2016) found that the appli-
cation of this technique resulted in an increase in the number of ideas that can be classi-
fied into different conceptual categories (i.e. cognitive flexibility). Based on the above, we 
hypothesized that:  
H1b: Students who received creativity training will generate more different 
 conceptual categories into which their ideas can be classified for diver-
gent thinking tasks (i.e. flexibility) than those who did not receive the training.  
Once a large number of ideas have been generated using one or more of the idea 
generation techniques, it has to be decided which solution is most promising. Several tech-
niques have been developed to enhance idea evaluation (Vernon et al., 2016). There are 
hints in the literature that techniques such as metrics to classify the feasibility and originality 
of an idea can be helpful in identifying how feasible and original it is (Sarkar & Chakrabarti, 
2008). In addition, it has been found that a strength and weaknesses analysis enhances 
performance in idea evaluation accuracy (Licuanan, Dailey, & Mumford, 2007).  
An idea evaluation metric is one of the creativity techniques in the training program 
that enables idea evaluation (Sarkar & Chakrabarti, 2008). In the training, participants 
were asked to classify all their generated ideas according to their feasibility and originali-
ty. This metric provides participants with more insights into what kind of ideas they have 
generated. For instance, one idea to expand businesses outside an emerging market 
could be “marketing”. By using the metric, the idea could be put in the matrix under highly 
unoriginal and highly feasible. As a result, participants might realize that this idea has 
been mentioned a lot by other students during idea generation and, therefore, helps par-
ticipants in recognizing which ideas are truly original or not. Based on the above, we hy-
pothesized that:  
H2a: Students who received creativity training will become more accurate 
in idea evaluation in terms of originality than those who did not receive the train-
ing (compared to experts).  
The ALoU technique is one of the other creativity techniques in the training program. 
This is a strength and weaknesses analysis which stands for Advantages, Limitations, 
how to Overcome them and Unique qualities (Treffinger, 2007). For each idea, partici-
pants are instructed to think of its advantages, its limitations, how to overcome these limi-




tations, and the unique qualities. The ALoU technique stresses idea evaluation as an in-
herently creative activity in which the implications of ideas must be explored: students are 
instructed to think of limitations for each idea. Next, they are asked to generate possible 
ways to overcome these limitations. An original idea that seems unfeasible and quite out-
landish may, perhaps with some modifications, turn out to be very successful after all. To 
clarify this process, imagine that as a possible solution for the problem of exceeding the 
speed limit, the following idea is generated: “speed camera lottery pays drivers for slow-
ing down”. At first sight, a limitation of this idea would be that it is a costly idea and that it 
is unfair to use taxpayer money for this. A possible way to overcome this limitation is to 
come up with the idea to collect money from speeders to pay law-abiding drivers. In this 
way, the limitation that the idea is costly and involves taxpayer money is off the table. By ex-
ploring the implications of ideas and restructuring of ideas, it might help participants in rec-
ognizing which ideas are truly feasible or not. Based on the above, we hypothesized that:  
H2b: Students who received creativity training will become more accurate 
in idea evaluation in terms of feasibility than those who did not receive the train-
ing (compared to experts).  
METHOD 
Participants 
The current study was conducted from September 2017 to December 2017 at a large uni-
versity in the Netherlands. In total, 51 third-year bachelor students in international busi-
ness followed the creativity training entitled ‘Creative Problem-Solving for Emerging Mar-
kets’. From 51 students, 24 were female and 27 were male, and the average age was 22 
(SD = 1.33), ranging from 20 to 26 years.  
The research was not of medical nature, no minor or persons with disability were 
involved, and there were no potential risks to the participants; therefore, ethical approval 
was, when data collection started, not required by the Institution’s guidelines and national 
regulations.  
Procedure 
The study employed a pre-post-test within-subject design. In total, 51 undergraduates 
performed two treatments - a control trial and an intervention trial - which were counter-
balanced and with sufficient time between trials to allow residual effects to dissipate (four 
weeks between trials). In the control group, students did not receive creativity training, 
whilst in the intervention group they received a 10-h creativity training. The same proce-
dures were used during both semesters, which were conducted by the same experiment-
er and creativity trainer.  
 




As such, 29 students attended the training in the first educational semester and then 
performed in the control group in the second semester, whilst 22 students performed the 
control group first and attended the training in the second educational semester (see Fig-
ure 1). As such, students participated in both experimental conditions (control and inter-
vention), albeit at different times (within-subject design).  
Students’ divergent and convergent thinking skills were assessed at four time points 
via online surveys: at the beginning of the training program in semester 1 (pre-test 1),  
at the end of the training program in semester 1 (post-test 1), at the beginning of the 
training program in semester 2 (pre-test 2), and at the end of the training program in se-
mester 2 (post-test 2). Each online survey took approximately 30 minutes. 
At each measurement occasion, divergent thinking was measured by the often used 
Alternative Uses Task (AUT: Guilford, 1967) and convergent thinking by specifically de-
signed idea evaluation tasks (see ‘Measures’ section). For each semester, the pre- and 
post-measures were the same. To prevent fatigue effects among students, the second 
educational semester employed equivalent versions of the tasks used in semester 1 (i.e. 
the versions did not differ in the types of question nor in levels of difficulty).  
Figure 1. Experimental design: pre-post-test within-subject design 
Creativity training  
The creativity training program is provided as a mandatory course for third-year bachelor 
students in business and economics at a major Dutch university. The creativity course (in 
total 10 hours) contained five weekly two-hour sessions. The course entailed an opening 
lecture (i.e. focus on theory) and training sessions (i.e. focuses on practice exercises in 
which students apply techniques on problems in the field of international business).   
In the creativity training, students learned to apply four stages of creative problem 
solving to a wide range of problems. The four stages - problem definition, idea genera-
tion, idea evaluation, and idea implementation - are described in more detail below. 




(1) Problem definition. Students received ill-defined problems in the field of international 
business. Ill-defined problems are often characterised by multiple goals, requiring diverse 
avenues of exploration that highlight a range of possible solutions (Reiter-Palmon & Illies, 
2004). As such, students acquired knowledge to define the problem correctly.  
(2) Idea generation. This stage is often associated with divergent thinking. Divergent 
thinking involves producing multiple or alternative answers to an open-ended problem 
(Guilford, 1959). As such, students were asked to generate different kinds of alternatives 
instead of focusing on one idea or solution.  
(3) Idea evaluation. This stage is often associated with convergent thinking. In contrast to di-
vergent thinking, convergent thinking can be defined as a more strongly constrained process 
that searches for one possible outcome for a given problem (Hommel, Colzato, Fischer, & 
Christoffels, 2011). In idea evaluation, ides are checked against criteria for the task and crite-
ria in the domain more generally, to ensure the usefulness or appropriateness of the novel 
ideas emerging from the idea generation stage (Lonergan, Scott, & Mumford, 2004).  
(4) Idea implementation. In this stage, decisions are made based on the results of the 
idea evaluation stage.  
Four creativity techniques were provided to facilitate the four stages of creative 
problem solving: silent brainstorming, analogical thinking, idea evaluation metric, and 
ALoU (see ‘Training techniques’ section). In the training, students are asked to solve an ill
-defined problem in the field of international business. In each of the training session, 
they are repeatedly provided with different types of example problems, which trigger them 
to practice the different stages of creative problem solving. Each training session started 
with explanation and illustration of a creativity technique. After the explanation, students 
participated in a warming-up or energizer: a short group activity that is not aimed at 
developing creativity, but at energizing the students. The warming-up prepares the mind 
for the theory and training provided.  
MEASURES 
A number of measures were used to assess baseline performance and improvement in 
idea generation and idea evaluation. These measures were administered before and after 
the creativity training.  
Idea generation 
Idea generation was assessed by the Alternative Uses Task (AUT: Guilford, 1967). This 
divergent thinking task is widely used to evaluate creative thinking ability and the effec-
tiveness of creativity training (Acar & Runco, 2012; Dyson et al., 2016). In this task, indi-
viduals are asked to list as many different and unusual uses for common household ob-




jects as possible in two minutes. In the first semester, these objects were a brick and an 
umbrella, and in the second semester a newspaper and a paper clip (both pre- and post-
test). The objects were counterbalanced in each semester.  
The total number of non-redundant ideas (i.e. fluency) and the total number of differ-
ent conceptual categories into which ideas can be classified (i.e. flexibility) were meas-
ured for the AUT
1
. To measure flexibility, two independent raters, who were not informed 
of the conditions, classified each idea according to a predefined list of idea categories 
(see Tables in the Online Supplementary Material). Next, the total number of distinct idea 
categories is calculated. The interrater reliability of the ratings was calculated using a two
-way random ICC analysis for consistency and can be considered excellent (ICCbrick 
= .92, ICCumbrella = .90, ICCnewspaper = .88, ICCpaper clip = .90).  
Idea evaluation accuracy 
To objectively measure participants’ ability to evaluate ideas, a domain-specific idea evalu-
ation task was developed. Prior to our experiment, 33 students from the previous cohort 
were asked to individually generate ideas for two similar problems: ‘What can government 
in emerging markets do to attract new business from abroad?’ and ‘What can companies in 
emerging markets do to expand their business outside their own countries?’ This resulted 
in respectively 285 and 227 ideas. These were further reduced to a list of 71 and 76 ideas 
by removing duplicates and collapsing ideas that were similar (i.e., ‘improve language profi-
ciency’ and ‘learn languages’ were collapsed into one idea, ‘learn the language’).  
These ideas were then rated by three experts. The experts are professionals that 
have worked in a private organization or government in an emerging market on similar 
issues as the problem in question
2
. As such, these experts had considerably more experi-
ence in the domain than students. The experts were asked to rate each idea on originality 
and feasibility using a Likert scale ranging from 1 (not at all original/feasible) to 5 (very 
original/feasible). 
After their evaluation, a set of ten ideas was selected for semester 1. To prevent fa-
tigue effects, another set of ideas was selected for semester 2 in which five ideas re-
mained the same as in semester 1 (see Online Supplementary Material). The sets of ide-
as were selected based on (a) sufficient variation in the novelty/usefulness evaluations 
and (b) sufficient high inter-rater reliability. The overall intraclass correlation coefficient 
Creativity. Theories – Research – Applications 7(2)  2020 
1
 The originality of ideas is not measured, because the main goal of the study was to replicate existing fin-
dings regarding the effect of creativity training on divergent thinking and the measures fluency and cognitive 
flexibility are considered to be sufficient. Moreover, the total number of ideas (3,748 ideas) was so large, that 
it would have been impossible for raters to process.  
2
 For instance, one expert has worked in an organization that offers support and advice to public-private part-
nerships in the health sector in emerging countries (i.e. Nigeria and Tanzania). Another expert has worked at 
the Thai government developing policies to attract new business from abroad such as tax subsidy system, 




(ICC, two-way random, consistency analysis) was .75 for semester 1 and .74 for semes-
ter 2, and the single interrater reliability were good as well (feasibility ICC semester 1 = .85; 
feasibility ICCsemester 2 = .73; originality ICC semester 1 = .75; originality ICC semester 2 = .80).  
In each measurement, students received these set of ideas for the two problems.  
Students first evaluated ideas in terms of originality, i.e. the degree to which an idea 
is unique or novel (Putman & Paulus, 2009; Rietzschel, Nijstad, & Stroebe, 2010). Sec-
ond, students evaluated ideas in terms of feasibility, i.e. the degree to which an idea is 
practical or realistic (Kim, Chung, & Yu, 2013; Reiter-Palmon, Mumford, O'Connor Boes, 
& Runco, 1997). Students used a Likert scale ranging from 1 (not at all original/feasible) 
to 5 (very original/feasible).   
Idea evaluation accuracy was measured by comparing student’s evaluations with 
those of experts. As described earlier, experts evaluated each individual idea for originali-
ty and feasibility using the same Likert scale as was used by the students. By averaging 
the scores of the three experts, each idea received an originality and feasibility score. For 
each idea, the value of the participants’ evaluations was substracted from the average 
value of the expert’s evaluation for that respective idea, separately for originality and fea-
sibility. These differences were then turned into absolute differences so that larger differ-
ences reflected less accurate evaluations by the participants, regardless of direction.  
To easily interpret training effects, these values were reversed so that higher values indi-
cated a more accurate evaluation. As such, idea evaluation accuracy can be seen as the 
degree of concordance between students and experts.  
RESULTS 
The means and standard deviations for each measure at pre- and post-test for the two 
groups are shown in Table 1. Three participants did not complete the divergent thinking 
tasks, and, therefore, the performance of 48 participants could be analysed on the diver-
gent thinking task.  
Table 1 
Means and standard deviations for each measure at pre-and post-test  
           van Broekhoven K., Belfi B., Hocking I., van der Velden R. Fostering University Students’ Idea Generation  ... 
    Idea generation (N = 48) Idea evaluation (N = 51) 
  Fluency Flexibility Accuracy in originality Accuracy in feasibility 
  Pretest Post-test Pretest Post-test Pretest Post-test Pretest Post-test 
Intervention Mean 
5.77 6.42 4.63 5.14 2.75 2.79 2.61 2.57 
 SD 
(2.44) (2.61) (1.88) (1.78) (0.23) (0.21) (0.30) (0.29) 
Control Mean 
5.97 6.14 4.88 5.00 2.82 2.81 2.70 2.62 
  SD 




A General Linear Model (GLM) for repeated measures was conducted to determine 
whether any change in idea generation and idea evaluation is the result of the interaction 
between type of treatment (i.e. intervention or control trial) and time (pre- and post-test). 
For each dependent variable, a separate GLM for repeated measures was conducted 
with treatment and time as independent variables (see Table 2).  
Table 2 
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df Mean square F value   p value partial η
2   
Time 7.922 1 7.922 3.811 * .057 .075 
Treatment   .083 1  .083   .026  .872 .001 
Time x Treatment 2.755 1 2.755 1.344  .252 .028 
Error 96.37 47 2.050         




df Mean square F value   p value partial η
2   
Time 4.845 1 4.845 4.105 * .048 .080 
Treatment   .158 1   .158   .103  .749 .002 
Time x Treatment 1.783 1 1.783 1.709  .198 .035 
Error 49.030 47 1.043         




df Mean square F value   p value partial η
2   
Time   .019 1 .019   .927  .340 .018 
Treatment   .089 1 .089 1.910  .173 .037 
Time x Treatment   .040 1 .040 1.270  .265 .025 




Note: The large effects of time can be explained by the identical tasks in the pre-and posttest (for each se-
mester). In order to rule out learning effects (i.e. increase in fluency and flexibility due to learning on the 
task rather than learning due to the training), we tested whether the increase in fluency and flexibility for the 
intervention group was larger than the increase in fluency and flexibility for the control group. As expected, 
we found that the intervention group reported a significant larger increase on fluency and flexibility than the 
control group. Both groups are expected to report increases on fluency and flexibility, but the intervention 
group reported a significantly larger increases due to training. Significance levels indicated as follows: 
* p < .10, ** p < .05, *** p < .01. 
 
Idea generation  
It was firstly hypothesized that creativity training would enhance the total number of gen-
erated ideas (i.e. fluency) (H1a). As shown in Table 1, students with training reported 
a higher level of fluency after training (M = 6.42, SD = 2.61) than students without training 
(M = 6.14, SD = 2.45). The General Linear Model (GLM) for repeated measures on fluen-
cy indicated a significant main effect of time, F(1, 47) = 3.811, p < .10, partial η
2 
= .075 
(see Table 2). This indicates that students were better at post-test than pre-test. Howev-
er, neither the main effect of treatment (F(1, 47) = .026, p > .10) nor the interaction of 
time with treatment were found to be significant (F(1, 47) = 1.344, p > .10). As such, hy-
pothesis 1a was not supported. 
Secondly, it was hypothesized that creativity training would enhance the number of 
different conceptual categories into which ideas can be classified (i.e. flexibility) (H1b). An 
inspection of the mean scores (Table 1) shows that students with training reported a high-
er level of flexibility after training (M = 5.14, SD = 1.78) than students without training  
(M = 5.00, SD = 1.76). The General Linear Model (GLM) for repeated measures on flexi-
bility indicated a significant main effect of time, F(1, 47) = 4.105, p < .10, partial η
2 
= .080 
(see Table 2). This means that students were better at post-test than pre-test. However, 
neither the main effect of treatment (F(1, 47) = .103, p > .10) nor the interaction of time 
with treatment were found to be significant (F(1, 47) = 1.709, p > .10). As such, hypothe-
sis 1b was not supported. 
Hence, we found that students were better in idea generation at the post-test than 
pre-test (see Figure 2). However, the interaction of time and treatment did not reach sig-
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df Mean square F value   p value partial η2   
Time   .193 1 .193 9.938 *** .003 .166 
Treatment   .246 1 .246 1.596  .212 .031 
Time x Treatment   .028 1 .028   .875  .354 .017 




nificance, and, therefore, we cannot conclude that training significantly improved idea 
generation skills among students.  
Figure 2. Interactions between treatment and time on idea generation  
Note: The graphs reports estimates of the General Linear Model (GLM) for repeated measures. It shows 
the mean fluency and flexibility scores in the pre and post-test per experimental group (scale range is +½ 
SD and −½ SD from the average). 
Idea evaluation  
For idea evaluation accuracy, we first hypothesized that students would become more 
accurate in their evaluation of original ideas after training (H2a). An inspection of the 
mean scores (Table 1) shows that students without training recognised more accurately 
which ideas were original (M = 2.81, SD = .22) than students with training (M = 2.79, SD 
= .21). However, the General Linear Model (GLM) for repeated measures did not find 
a significant interaction of time with treatment, F(1, 50) = 1.271, p > .10 (see Table 2). 
Hence, hypothesis 2a was not supported.  
Secondly, it was hypothesized that students would become more accurate in their 
evaluation of feasible ideas after training (H2b). An inspection of the mean scores  
(Table 1) suggests that students without training recognised more accurately which ideas 
were feasible (M = 2.62, SD = .29) than students with training (M = 2.57, SD = .29). How-
ever, the General Linear Model (GLM) for repeated measures did not find a significant 
interaction of time with treatment, F(1, 50) = .875, p > .10 (see Table 2). Hence, hypothe-
sis 2b was not supported. Interestingly, there was a strong significant main effect of time, 
F(1, 50) = 9.938, p < .01, partial η
2 
= .166 (see Table 2). This means that students were 
significantly better at post-test than pre-test. 
Hence, the results suggest that creativity training did not improve idea evaluation 
accuracy (see Figure 3).  
 
 




Figure 3. Interactions between treatment and time on idea evaluation  
Note: The graphs reports estimates of the General Linear Model (GLM) for repeated measures. It shows 
the mean fluency and flexibility scores in the pre and post-test per experimental group (scale range is +½ 
SD and −½ SD from the average). 
DISCUSSION 
There is a growing consensus that education should cultivate the creative thinking skills 
of students to help them succeed in modern, globalised economies based on knowledge 
and innovation (Cachia et al., 2010; Lucas, Claxton, & Spencer, 2013). For example, in 
the Programme for International Student Assessment (PISA) from the OECD, students’ 
creative thinking skills will be assessed from 2021 onwards, in addition to the existing 
tests in math, language, and science. This underscores the increased importance to give 
more attention to the development of creative thinking skills, such as idea generation and 
idea evaluation.  
The main goal of the current study was to examine whether a cognitive-based crea-
tivity training enhances students’ idea generation and idea evaluation skills. In line with 
previous research, the results suggest that students generated more ideas (i.e. fluency) 
and more different kind of ideas (i.e. flexibility) after training, but not significant. One pos-
sible explanation for this non-significant finding might be due to the small sample size  
(N = 48). Another possible explanation might be that post-test measures in other studies 
were more similar to the training context (Byrge & Hansen, 2013; Im, Hokanson, & John-
son, 2015). For example, in Im et al. (2015) participants were asked to develop lists of 
alternative uses for common objects during the training, and were asked to do the same 
in the post-test measures. Similarly, in Byrge and Hansen (2013), participants were 
asked to take an item from an item box (box with many different items, such as a watch, 
a spoon, a tissue etc.). Next, they were asked to generate as many ideas as they could 
on how to improve someone else’s item using their own item. Both of these creativity ex-
ercises are rather similar to the Alternative Uses Task (AUT). As such, students in previ-
ous studies were more trained to the criterion (Scott et al., 2004a).   




In order to move from creativity to innovation, it is of vital importance to recognize 
whether the generated ideas have creative potential. Therefore, we also examined wheth-
er the training improves students’ ability to recognize original and feasible ideas of others 
(i.e. the two components of creative ideas). In the idea evaluation tasks, participant had to 
rate business ideas on their originality and feasibility, and their ratings were compared with 
those of experts to determine accuracy. The results of this study suggest that creativity 
training had no effect on participants’ idea evaluation performance. This finding is in line 
with Ritter et al. (2020) who also found no significant effect of training on participants’ idea 
selection performance. As such, the results suggest that idea evaluation techniques, such 
as the idea evaluation metric and the ALoU technique do not improve idea evaluation ac-
curacy. Research has suggested that knowledge plays a critical role in the convergent 
thinking process, as it is a source of ideas, and provides the knowledge necessary for as-
sessing novelty and feasibility of ideas (Cropley, 2006). As such, a possible explanation 
for the fact that idea evaluation techniques do not seem to work is because these tech-
niques are general and not focused on building up knowledge and expertise.  
Limitations and future research 
Several limitations of the present study should be noted. Firstly, the creativity trainer was 
also the experimenter of the study. As such, the ‘Clever Hans’ phenomenon in which the 
experimenter’s hypothesis is unintentionally communicated to the participants might have 
happened in this study (Johnson, 1911). However, this would have only affected idea 
generation and not idea evaluation. The experimenter’s hypothesis was rather predictable 
with idea generation (better performance in idea generation tasks), but more difficult to 
define for idea evaluation since idea evaluation accuracy is highly dependent on domain 
knowledge (the experimenter does not know when an idea is truly feasible or original ac-
cording to the experts). Nonetheless, we would still recommend for future research that 
the creativity trainer would be someone else than the experimenter of the study.    
The second limitation relates to external validity issues. Like Ritter et al. (2020), the 
current study has been conducted among international business students. Even though 
students are often used as a research population, the population of international business 
students is rather specific. As such, the results cannot easily be generalized to other stu-
dent populations (e.g. medicine or law). Future research should investigate the effect of 
creativity training on idea generation and idea evaluation on other student populations as 
well. Related to this, students have only been asked to generate ideas for one divergent 
thinking task (i.e. the Alternative Uses Task). As such, it is unknown whether the training 
effects can be generalised to other divergent thinking tasks (e.g., consequences task). 




Even though the main contribution of the current study was to investigate the effect of 
creativity training on convergent thinking, future research should use multiple measures 
of divergent thinking to ensure the external validity of the results.  
Furthermore, the length of training is positively related to creativity training effective-
ness (e.g. Mathisen & Bronnick, 2009; Scott et al., 2004). Mathisen and Bronnick (2009) 
found, for example, evidence for the effectiveness of both a 1-day and a 5-day training 
course. Still, they found their 5-day training to induce stronger effects. The current crea-
tivity training consists of only 10 hours of explicit training and this might be one of the rea-
sons why the training appears to be unsuccessful. However, a recent study evaluated 
a 140 hours training on convergent thinking and also found no improvements in conver-
gent thinking (Ritter et al., 2020). As such, simply increasing the length of a training may 
not be sufficient to enhance performance in convergent thinking. Next to training, there 
are a number of other approaches that have been proven to be successful in enhancing 
idea evaluation skills, such as task familiarity, mood, personality, regulatory focus, culture, 
and gender (e.g. Berg, 2016; Förster, 2009; Herman & Reiter-Palmon, 2011; Kaufman, 
Niu, Sexton, & Cole, 2010; McCarthy, Chen, & McNamee, 2018). For instance, Basadur et 
al. (2000) found that people who had a natural tendency to avoid premature convergence - 
a trait related to openness – performed better in idea evaluation tasks than people without 
this tendency. As such, future research, dedicated to evaluation skills, should take a step 
further in testing training programs with other theoretical foundations, such as a personali-
ty or social interactional model instead of a purely cognitive-based training.   
Finally, this study has conducted General Linear Models (GLM) for repeated 
measures as a means to compare students who received the creativity training 
(intervention group) with those who did not (control group). The repeated measures na-
ture of this study allowed us to compare the intervention group in semester 1 with a con-
trol group. However, since our training was offered to all students (for ethical reasons), 
there was no suitable comparison group that could participate in the long-term follow-up 
(i.e. semester 2). Therefore, the students who received the training in the second semes-
ter were compared with the students who had received the training earlier during the first 
semester. This might have been a reason why no effect of the creativity training on idea 
generation (divergent thinking) and idea evaluation (convergent thinking) could be found. 
However, the idea behind this was that the effect of training would be stronger visible im-
mediately after the training, and would diminish after four weeks. We indeed found that 
the intervention group in semester 1 (who served as control group in semester 2) report-
ed lower levels of fluency (M = 5.95, SD = 2.56) and flexibility (M = 4.79, SD = 1.81) after 




four weeks of no training than immediately after training (fluency: M = 6.21, SD = 2.59; 
flexibility: M = 4.97, SD = 1.78). This decline in creativity scores is in line with a recent 
study that indicated that four weeks may be sufficient to let training effects diminish 
(Meinel, Wagner, Baccarella, & Voigt, 2019). As such, it could be very well that the partic-
ipants who attended the training in the first semester were indeed a valid control group for 
the students receiving the training in the second semester. Nonetheless, we would still 
recommend for future research to add an extra control group consisting of a random sam-
ple of comparable students who have not attended the training.  
Practical implications 
The current study has provided insight into how a cognitive-based creativity training is not 
successful in strengthening idea evaluation skills. This is an important insight, because 
many cognitive-based training programs assume that convergent thinking skills, such as 
idea evaluation, are naturally developed in the training programs. However, in line with 
previous research, we show that convergent thinking skills are not naturally developed 
within the context of a cognitive-based training.  
As such, our key contribution is showing that a cognitive-based creativity training 
does not affect the evaluation accuracy of novel and feasible ideas, and, therefore, idea 
evaluation seems to be a more complex process to enhance than idea generation. How-
ever, spotting the novelty and feasibility is a crucial step in getting people to pay attention 
to the ideas already generated. Without it, ideas will not be captured and developed to 
add value in solving problems. Institutions who would like to or already have implemented 
cognitive-based creativity training should be aware of that such a training does not auto-
matically foster convergent or critical thinking among students. As indicated earlier, 
a number of other approaches have been proven to be successful in enhancing idea 
evaluation skills, such as  task familiarity, mood, personality, regulatory focus, culture, 
and gender (e.g. Berg, 2016; Förster, 2009; Herman & Reiter-Palmon, 2011; Kaufman, 
Niu, Sexton, & Cole, 2010; McCarthy, Chen, & McNamee, 2018). As such, it might be 
that training programs with other theoretical foundations, such as personality or social in-
teractional model may be more successful in enhancing convergent thinking skills.  
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APPENINDIX 
Online Supplementary Material 
Semester 1.  
Ideas for ‘what can government in emerging markets do to attract new business from abroad?’ 
Semester 1.  
Ideas for ‘what can companies in emerging markets do to expand their business outside 
their own countries?’ 
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Feasibility 
High  Visit trade fairs 
 Attracting talents early on (e.g. during studies) 
 Ease visa issues for foreign employees 
Low 
 Creating favourable policy regulation 
(e.g. tax breaks/free-export zones) 
 Good infrastructure for the business 
(e.g. reliable water and electricity  
connection) 
 Reduce corruption 
 Reduce bureaucratic procedures 
 Policy focuses on foreign business 
 Guarantee access to international currency ex-
changes 
 Refrain from having a radically religious culture 
    Low High 




 Join start up communities 
 Hire experts from countries they have 
interest in 
 Start exporting before starting an own 
factory/office abroad 
 Marketing 
 Send employees abroad for confer-
ences or other forms of training 




 Partner with a foreign firm 
 Quality competition 
 Invest in a project that will happen in a 
foreign country 
 Go to more corrupt countries and bribe govern-
ment to allow easy set up 
    Low High 




Semester 2.  
Ideas for ‘what can government in emerging markets do to attract new business from abroad?’ 
Semester 2.  
Ideas for ‘what can companies in emerging markets do to expand their business outside 
their own countries?’ 
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Feasibility 
High  Set up business parks to attract  
businesses 
 Provide services that support foreign business 
(e.g. personal and work-related support such as 
assistance for expats in housing/schooling and 
administrative issues) 
 Identifying their own local competitive ad-
vantage and exploit it (e.g. Southeast Asia can 
serve as a great logistical hub between Europe/
Japan/rest of Asia and Australia) 
Low 
 Creating favourable policy regulation 
(e.g. tax breaks/free-export zones) 
 Good infrastructure for the business 
(e.g. reliable water and electricity con-
nection) 
 Reduce corruption 
 Reduce bureaucratic procedures 
 Loosen ethical standards (e.g. be more 
willing to accept bribes from foreign 
firms) 
 Encourage cooperation between com-
panies and governments (e.g. offer 
partnership programs) 
 Protect the workforce (e.g. safety for 
employees) 
 Motivate local business to cooperate or do joint 
venture 
 Give population more liquidity in order to stimu-
late the own economy in order to attract invest-
ments from outside 
 Promote the country’s assets and/or its natural 
resources abroad 
 Meet and greet between politics and business 
 Ease visa issues for foreign employees 
 Illustrate possible demand in country 
 Host fairs or networking events where govern-
ments, business and entrepreneurs can meet 
each other and promote themselves 
    Low High 
    Originality 
Feasibility 
High 
 Go to more corrupt countries and bribe 
government to allow easy set up 
 Innovation in creating new products 
 Product competition 
 Learn from others and copy their ideas 
 Outsourcing/offshoring parts of their business 
Low 
 Partner with a foreign firm 
 Quality competition 
 Get bought by Google or some other 
large company 
 Adapt their own business to foreign 
markets 
 Creative competition (e.g. cost leadership or 
differentiation) 
 Hire experts from countries they have interest in 
 Price competition (i.e. sell at lower cost) 
 Marketing 
 Marry someone from the other country to get 
insights into the culture 
 Use their cultural background as advantage 
(e.g. shoes using leather of indigenous people) 
 Sell human capital 
    Low High 
    Originality 
